An experiment was conducted to evaluate the effects of a new phytase supplementation in Jinding laying ducks fed different concentrations of non-phytate P (NPP) on production performance, mineral retention, and bone and plasma minerals. A 14-wk experiment was conducted using 200-d-old female laying ducks. A total of 1,000 laying ducks were randomly allocated to 5 treatments and fed 5 diets: a control diet that contained an adequate concentration of NPP (0.45%) and 4 diets that were deficient in NPP (0.38, 0.32, 0.25, and 0.18%, respectively) but supplemented with phytase at 500 U/kg. Decreasing the NPP content from 0.45 to 0.18% in the diets with phytase supplementation had no detrimental effects on performance. However, Cu and Zn retention was significantly lower (P < 0.05) for laying ducks consuming the 0.18% NPP diet with phytase supplementation. Likewise, laying ducks fed the 0.18% NPP diet had a significant reduction in bone ash, Ca, P, and Cu contents, and in serum P and Cu (P < 0.05). Furthermore, the decrease in NPP content in the diet with phytase supplementation significantly increased (P < 0.05) P retention. Therefore, with the supplementation of this novel phytase at 500 U, it is possible to reduce dietary concentrations of NPP to 0.25% and maintain the normal performance of laying ducks.
DESCRIPTION OF PROBLEM
Phytate is the major form of P in plants [1] . Approximately 70% of the total P (TP) in feed ingredients is in the form of phytate [2, 3] . The inability of poultry to utilize phytate P can be due to a lack of endogenous phytase. In addition, phytate can bind with Ca, Cu, Zn, and other minerals [4] . However, exogenous phytase can help release phytate-bound P [5] [6] [7] as well as improve the utilization of other minerals that are bound to plant phytate [8] [9] [10] [11] . The efficacy of these improvements was inconsistent among the reports, however, largely because of the types of phytase supplements, dietary concentrations of Ca and P, and bird age [12] [13] [14] [15] . Different types of phytase are denatured to different extents when subjected to the temperature and moisture of preconditioning required for pelleting. Furthermore, information regarding the effect of exogenous phytase on mineral utilization of laying ducks is largely unavailable. Therefore, manipulations of the P concentration in the diet and adding phytase to improve mineral availability must be validated for their effects on mineral retention and the mineral status of serum and bone. Recently, we have developed a new recombinant phytase product that has shown good efficacy when fed to broiler chickens [16, 17] . The aim of this study was to assess the effect of this novel phytase product on production performance and on utilization of Ca, P, Cu, Zn, and Mg in laying ducks fed low-P diets.
MATERIALS AND METHODS

Enzyme
The phytase product, derived from Aspergillus niger phytase, was produced in the Laboratory of Life Sciences (Shandong Agricultural University, Tai-an, P. R. China). An A. niger phytase gene from a high extracellular phytaseproducing A. niger species was cloned and overexpressed in Pichia pastoris GS115 by using the secretive expression vector pPICZaA. After cultivation, the active phytase was secreted as a predominantly extracellular protein. The activity of the expressed phytase in fermented broth was 30,000-fold higher than that of native phytase, with a specific activity of 503 U/mg [16] . One unit of phytase is the amount of enzyme that releases 1 μmol of inorganic P/min at pH 5.5 and 37°C.
Experimental Design and Diets
A 14-wk experiment was conducted using 1,000 female Jinding laying ducks at 200 d of age [18] . Ducks were allotted to 5 dietary treatments, with 4 replicates of 50 ducks per replicate. The diets were based on corn and soybean meal. The 5 dietary treatments were a diet with an adequate concentration (0.45%, control) of nonphytate P (NPP), and diets with reduced concentrations (0.38, 0.32, 0.25, and 0.18%) of NPP but supplemented with 500 U of phytase/ kg of DM. Calcium concentration in the diets was set at a 5:1 ratio of Ca:TP (Table 1) . A previous study indicated that 500 U of phytase/kg of diet was suitable for broiler chickens on low-NPP diets [17] . In this study, the NPP concentra-tion was decreased and phytase was added at a concentration of 500 U/kg of diet. The enzyme premix, which was analyzed to contain 500 U/g, was added at a level of 0 (control) or 1 g/kg of DM (treatment) to the diet, and the whole content was pelleted at 90°C for 15 s after mixing. Phytase activity was not determined on diets after pelleting.
Birds Feeding and Management
A total of 1,000 female laying ducks, 200 d of age, were housed in 20 pens with floors partially covered with plastic-coated wire over a water drain in an environmentally controlled room. The remaining floor space was covered with litter, and hanging cylindrical feeders were included. The temperature in the room was controlled by ventilation fans. Diets were provided in pellet form for ad libitum intake, and the birds had free access to water under a daily photoperiod of 16L:8D. Laying ducks, feed, and water were checked twice daily throughout the entire experimental period. All laying ducks used in this study were cared for in accordance with local ethical guidelines.
Measurements
Production Performance. Feed consumption was measured weekly throughout the experiment. Egg production and egg weight were recorded daily for calculation of feed conversion.
Determination of Mineral Retention. At 292 d of age, 3 laying ducks with similar BW were selected from each pen (total 12 for each treatment), assigned to metabolic cages equipped with water troughs, and housed in cages for 3 d. The birds were provided with the same experimental diets fed in the pens. Clean stainless steel collection trays were placed under each cage (6 per treatment, each collecting excreta from 2 birds), and excreta from the birds were collected for 72 h. The laying ducks had free access to water during this 72-h period. The samples of excreta were collected in polyethylene bags, weighed, and dried in an oven at 65°C for 48 h. Excreta were mixed thoroughly and frozen at −20°C. Prior to chemical analysis, these samples were ground to pass a 0.5-mm screen and then stored in sealed containers for determination of Ca, P, Mg, Zn, and Cu.
Mineral Concentration in Blood Plasma and in Bone Ash.
At the end of the experiment, 3 birds from each pen (12 for each treatment group) were randomly selected and a blood sample was collected from each duck via cardiac puncture. Blood samples were centrifuged for 10 min at 1,360 × g at 4°C. Plasma was collected and frozen until subsequent analysis for Ca, P, Mg, Zn, and Cu. All birds were killed by cervical dislocation, and tibias were collected from the right leg of each duck after bleeding. The tibias were subsequently dried at 105°C for 12 h, extracted with diethyl ether, dried again, and weighed. The dry fat-free bones were ashed in a muffle furnace at 550°C. The ash was used to determine concentrations of Ca, P, Mg, Zn, and Cu.
Chemical Analyses
All chemical analyses were performed in duplicate. Feed and excreta samples were ground to pass a 0.5-mm screen and were ashed as described above for bone samples before the analysis. Calcium, Mg, Zn, and Cu in the ash were determined with an Atomic Absorption Spectrophotometer [19] . Phosphorus was analyzed by the Vanadate colorimetric method [20] with a UV spectrophotometer [21] . Plasma Ca, P, Mg, Zn, and Cu were determined with a Full Automation Biochemistry Analyzer [22] .
Calculation and Statistical Analysis
Apparent retention of Ca, P, Mg, Zn, or Cu was calculated using the following equation:
where E1 is the amount (mg) of the element (Ca, P, Mg, Zn, or Cu) in the diet that was consumed by each bird during a 72-h period, and E2 is the amount (mg) of the corresponding element (Ca, P, Mg, Zn, or Cu) in excreta collected during 
RESULTS AND DISCUSSION
Production Performance
The production performance of laying ducks in different treatments is summarized in Table 2 . No consistent differences in feed consumption, egg weight, egg production, and feed conversion were observed among treatments during the 14wk experiment (P > 0.05).
This study showed that laying ducks fed 0.18, 0.25, 0.32, and 0.38% NPP-deficient diets supplemented with microbial phytase at 500 U/kg of DM had production performance similar to that of laying ducks fed the diet with adequate NPP. Van der Klis et al. [24] reported that hens consuming low-NPP corn-soybean meal diets demonstrated a depression in egg production. Brown and Hy-line W-36 hens fed low-NPP diets supplemented with phytase at 500 U/kg diet had egg production similar to that of hens fed normal-NPP diets [25, 26] . Boling et al. [27] also demonstrated that in laying chickens, a corn-soybean meal diet containing 0.10% NPP with 300 U of phytase/kg supported optimal egg production from 20 to 70 wk of age. The daily NPP intakes for ducks consuming diets contained 0.45, 0.38, 0.32, 0.25, and 0.18% NPP were 747, 638, 534, 418, and 304 mg/bird, and the corresponding daily TP intakes were 1,179, 1,126, 1,002, 902, and 811 mg/bird, respectively. This suggests that supplementation of phytase may improve the utilization of dietary TP. The reason for this improvement is likely due to P being a nutrient limiting for the laying production of ducks fed diets deficient in NPP. Phytase hydrolyzes phytic acid to orthophosphate inositol, and other phosphoinositol intermediates, making more P available for absorption by laying ducks [28] .
Mineral Retention
The effects of NPP concentrations and phytase supplementation on the retention of minerals are presented in Table 3 . Data for the main effects indicates that the decrease in NPP content in the diet significantly increased (P < 0.05) P retention and had no effect on the retention of Ca and Mg. The Cu and Zn retention of ducks consuming the diet that contained 0.18% NPP was lower (P < 0.05) than that in other groups. However, ducks fed the diet containing 0.38% NPP with phytase supplementation had greater (P < 0.05) Zn retention compared with ducks fed the diet containing 0.45 or 0.25% NPP.
In the current experiment, the improved P digestibility by adding phytase to the diets is in agreement with the report of Um and Paik [29] in laying hens, Grela et al. [30] and Jongbloed et al. [31] in pigs, and Silversides et al. [32] in broilers. It is possible that when P is limiting, more P is retained in the body to maintain physiological functions, resulting in less P being excreted [33] and P retention increasing. Viveros et al. [34] suggested that although phytase supplementation increased Ca retention, this increase could not reach the level obtained in the normal-P diet. However, Silversides et al. [32] reported that different kinds of phytase had different effects on Ca digestibility. In this study, low dietary NPP with phytase had a low Ca retention, but no significant difference was observed. Viveros et al. [34] found that supplementation of phytase to diets with low NPP prevented the decline of Mg and Zn retention in chickens caused by the low level of dietary NPP. In this study, phytase supplementation to low-P diets tended to increase the retention of Mg, and Zn retention was increased (P < 0.05) when phytase was supplemented to the diet with 0.38% NPP as compared with the control, 0.25, and 0.18% NPP diets. These results indicate that the increases in Zn and Mg retention might have been due to the greater availability of Zn and Mg from the phytate-mineral complex. Compared with the normal-NPP diet, the birds fed the 0.18% NPP diet with phytase supplementation had less Cu retention. The reason for the reduced Cu retention with phytase supplementation is not known and further investigation is needed. Overall, this study showed that the retention of minerals is generally improved by adding 500 U of phytase/ kg of DM to diets containing 0.38 to 0.25% NPP.
Mineral Concentration in Bone Ash
Tibias had similar (P > 0.05) ash contents among ducks fed diets containing 0.45, 0.38, 0.32, and 0.25% NPP, and the same trend was observed for Ca, P, Mg, Cu, and Zn contents of the ash (Table 4 ). However, laying ducks fed the 0.18% NPP diet with phytase supplementation had lower (P < 0.05) ash contents in tibias and lower (P < 0.05) Ca, P, and Cu contents in the ash compared with the other groups. All ducks had similar Mg concentrations in their tibias ash, regardless of the treatment. Zinc content in the ash was the highest for ducks fed the 0.38% NPP diet with 500 U of phytase, and was higher (P < 0.05) than that of ducks fed the 0.18% NPP diet with phytase supplementation.
Bone ash content has been regarded as an indicator of bone mineralization. In chicks, it has been reported that tibia ash percentages are decreased by a deficiency of Ca and NPP [34, 35] and that phytase addition improves ash percentages [36] [37] [38] . In those studies, content of tibia ash was not influenced by the low-NPP (from 0.38 to 0.25%) diets with phytase. This is consistent with the production performance data obtained in this study. This indicates that phytase addition likely reversed the negative effects of dietary NPP deficiency on tibia ash (i.e., improved mineral retention). The improvement in tibia ash might be related to the increase in apparent metabolism of minerals from the phytatemineral complex with phytase addition. However, laying ducks fed the 0.18% NPP diet with phytase did not reach the level of other treatments. This result suggests that 0.18% NPP in the diet would still be lower than required, even though the supplemented phytase improved utilization. The bone Ca, P, Cu, and Zn contents showed the same trend as bone ash. Ahmad et al. [36] reported that concentrations of Ca and P in the tibia ash were relatively constant and were not greatly affected by phytase supplemen- tation. In this study, similar results were found. Lantzsch et al. [39] observed that phytate could also bind with other minerals, such as Ca, Cu, and Zn, thus making them less available to the animal. In this study, reducing NPP from 0.38 to 0.25% with phytase supplementation improved the bone Mg and Zn contents relative to those of the control group. This might be related to phytase releasing the bound minerals to some degree. Viveros et al. [34] found that bone Ca, P, Mg, and Zn were not impaired when phytase was added to a 0.35% NPP diet at 6 wk. Phytase improved the P digestibility and tibia ash content in some studies, but growth was not always positively affected, depending on the level of P supply [40, 41] .
Mineral Concentration in Plasma
Concentrations of plasma minerals (Ca, P, Cu, Zn, and Mg) as affected by dietary treatments are summarized in Table 5 . All ducks had similar plasma Ca and Mg concentrations, irrespective of treatments. Concentrations of plasma P and Cu for ducks fed the normal-NPP diet were similar to those of ducks consuming diets of 0.38, 0.32, or 0.25% NPP with phytase supplementation, but were higher (P < 0.05) than those of ducks fed the diet with 0.18% NNP with phytase supplementation. However, concentration of Zn in the plasma was higher (P < 0.05) for laying ducks fed the 0.38% NPP diet supplemented with 500 U of phytase/kg of DM than that for laying ducks fed the control diet or a diet with 0.18% NPP and phytase.
Serum concentrations of Ca and P are the most important indicators of bird nutritional status of Ca and P. In a diet lacking Ca and P, the bird regulatory mechanism mobilizes the bone Ca and P to maintain normal Ca and P homeostasis, thereby maintaining the normal physiological functions of nerves, muscles, and other tissues. Variations exist among reported studies on the effect of supplementing phytase to low-P diets on serum concentrations of Ca and P. Viveros et al. [34] reported that phytase addition to low-P diets increased P but decreased Ca in the serum of chicks. Lei et al. [42] observed that the increased serum Ca attributable to phytase was positively related to the dietary Ca:TP ratio in pigs. Onyango et al. [43] found that supplementation of the same level of different phytases to a low-P diet resulted in different serum Ca concentrations. In the present study, the ratio of Ca:TP was kept relatively constant (5.03 to 5.07). In this situation, reducing the dietary NPP content from 0.45 to 0.25% did not negatively reduce the bone or plasma concentrations of Ca and P, possibly because phytase was supplemented to the NPP-reduced diets. However, when dietary NPP was reduced to 0.18%, supplementation of phytase was no longer effective and the birds showed reduced bone or plasma concentrations of minerals compared with those fed diets containing 0.25% NPP or more. The similar concentrations of minerals (Ca, P, Mg, and Cu) in the plasma of laying ducks fed diets with 0.38 to 0.25% NPP supplemented with phytase and in the plasma of ducks fed the normal-NPP diet without phytase supplementation observed in this study indicate that all ducks had a similar mineral nutritional status. Viveros et al. [34] reported that decreasing dietary NPP by 0.1% and adding 500 U/kg of phytase would increase serum Zn concentration compared with the normal Ca and P diets. Revy et al. [44] also reported that supplementing the basal diet with phytase largely increased serum Zn concentration in pigs. Similarly, in this research, phytase supplementation to the 0.38% NPP diet increased Zn concentration compared with the NPP-adequate diet. The exact mechanism of this effect is not known, but may partly relate to the action of phytase in releasing some minerals from phytic acid complexes upon hydrolysis of this compound [33] , thereby increasing the availability of dietary Zn. Further research is required.
CONCLUSIONS AND APPLICATIONS
1. Laying ducks fed low-NPP (from 0.38 to 0.18%) diets supplemented with phytase (500 U/kg) had production performance similar to laying ducks fed a normal-NPP (0.45%) diet. 2. Mineral content in bone and plasma of ducks with supplementation of phytase at a concentration of 500 U/kg to a diet containing 0.18% NPP did not attain the same level as that of ducks fed a diet with 0.45% NPP. 3. The retention of Cu and Zn was significantly decreased for laying ducks consuming the 0.18% NPP diet with phytase supplementation. 4. Laying ducks require at least 0.25% NPP in the diet (418 mg/bird per day) to pre-vent declining serum P and Cu and reductions in bone ash, Ca, P, and Cu. Within a row, means without a common superscript letter differ (P < 0.05). 1 Mineral concentration was determined on laying ducks at the age of 298 d. 2 Means represent 4 pens (3 birds/pen) per diet for all these minerals.
Downloaded from https://academic.oup.com/japr/article-abstract/18/2/284/705502 by guest on 27 March 2019
